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PHYSICAL    PROPERTIES    OF 
ILLINOIS    CRUDE    OIL- 
PART    II 

W.  J.  Armon,  T.  F.  Lawry,  R.  F.  Mast 


ABSTRACT 


Basic  data  on  physical  properties  of  Illinois 
crude  oils,  including  API  gravity  at  60°  F,  viscosity 
at  50°,  77°,  and  100°  F,  and  interfacial  tension  against 
distilled  water  at  77°  F,  are  presented  in  tabular  form. 
More  than  500  samples  of  oil  were  analyzed.  The  samples 
were  taken  from  producing  wells  located  south  of  the  base 
line  to  the  third  principal  meridian.  The  base  line  ex- 
tends roughly  from  south  of  Belleville  through  Mt.  Carmel, 
Illinois. 

Samples  were  collected  from  pay  zones  in  Penn- 
sylvanian,  Mississippian,  Devonian,  Silurian,  and  Ordo- 
vician  strata. 


INTRODUCTION 

The  need  for  fundamental  data  on  the  physical  properties  of  res- 
ervoir fluids  and  on  the  role  these  properties  play  in  oil  recovery  becomes 
more  urgent  as  research  in  petroleum  technology  expands.  The  lack  of  such 
data  is  particularly  felt  in  areas  such  as  the  Illinois  Basin  where  primary 
recovery  is  diminishing  and  secondary  and  tertiary  operations  are  increasing. 

An  Illinois  State  Geological  Survey  project  has  produced  such 
information  about  the  physical  properties  of  Illinois  crude  oils.  The 
data  collected  and  presented  in  this  report  liave  many  applications.  They 
could  be  used  in  studying  flow  of  fluids  through  reservoirs,  in  correlating 
the  physical  properties  of  the  crude  oils  with  their  geologic  occurrence, 
in  determining  relationships  between  physical  properties  and  effectiveness 
of  water flooding,  in  predicting  physical  characteristics  of  a  crude  oil 
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from  its  geologic  occurrence,  and  in  predicting  how  reservoirs  would  react 
to  specific  recovery  methods.  A  comprehensive  compilation  of  the  funda- 
mental facts  gathered  here  also  could  be  of  great  value  in  reservoir  engi- 
neering calculations  concerned  with  primary,  secondary,  and  tertiary  recovery 
of  Illinois  crude  oil. 

The  project  was  begun  by  Paul  A.  Witherspoon.  Samples  have  been 
collected  by  many  members  of  the  Geological  Survey  staff  over  a  period  of 
several  years.  Data  for  samples  from  producing  wells  located  north  of  the 
base  line  to  the  third  principal  meridian  were  published  in  Illinois  Petro- 
leum 78  (Armon  et  al.,  1964). 

In  order  to  compile  a  report  as  comprehensive  as  possible,  all 
pool-pay  combinations  of  over  200  productive  acres  were  studied,  and  appro- 
priate single- zone  well  completions  were  sought  with  the  assistance  of 
operators  within  each  field.  In  all  but  a  few  pools,  suitable  wells  were 
located  for  sampling.  In  a  few  cases  multiple-zone  completions  in  an  entire 
pool  have  made  it  impossible  to  locate  good  single-zone  samples  for  study. 

At  the  beginning  of  this  study,  an  effort  was  made  to  obtain 
samples  from  wells  that  were  still  in  some  stage  of  primary  depletion  to 
avoid  introduction  of  unknown  factors  as  a  result  of  secondary  recovery. 
In  the  later  phases  of  the  study,  large-scale  waterflood  development  of 
many  pools  made  it  impossible  to  procure  samples  under  primary  depletion 
conditions.  Rather  than  eliminate  interesting  pay  zones  from  the  report, 
we  chose  samples  from  appropriate  single- zone  wells  whether  they  were  part 
of  a  waterflood  or  not. 

SAMPLING  PROCEDURE 

Selection  of  an  appropriate  well  for  sampling  was  made  by  one  of 
two  methods: 

I.  Records  in  the  Geological  Survey  were  consulted  to  find  single- 
pay  and  non-water flood  wells,  the  sample  was  taken,  and  the 
operator  was  asked  to  verify  the  status  of  the  well  as  to  pay 
zone  and  depth  for  the  date  the  well  was  sampled. 

II.  Operators  of  a  pool  were  asked  to  consult  their  records  to 
suggest  a  particular  single- zone  completion  being  sought  for 
sampling.  After  this  information  had  been  received,  samples 
were  taken  as  soon  as  possible,  and  Geological  Survey  records 
were  checked  to  verify  the  producing  zone.  . 

In  a  few  instances,  confirmation  had  not  been  received  from  the 
operator  at  the  time  of  publication,  and  information  as  to  depth 
and  pay  are  submitted  on  the  basis  of  Survey  records  only. 

Approximately  850  samples  were  collected,  which  represent  the 
majority  of  the  significant  oil-producing  formations  in  the  state.  Part  I 
of  this  study  reported  on  344  of  these;  this  report  includes  approximately 
500  samples.  The  samples  are  from  the  area  south  of  the  base  line  to  the 
third  principal  meridian.  The  base  line  nearly  bisects  the  Illinois  Basin 
and  runs  approximately  from  Belleville  to  Mt.  Carmel. 
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The  samples  from  the  south  half  of  the  Illinois  Basin  were 
collected  from  the  following  pay  zones: 

1.  Pennsylvanian— Jake  Creek,  Bridgeport,  Mansfield,  Biehl, 
Buchanan,  basal  Pennsylvanian  .  129 

2.  Chester ian— Degonia,  Clore,  Palestine,  Waltersburg,  Tar 
Springs,  Hardinsburg,  Cypress,  Sample,  Bethel,  Paint  Creek, 
Benoist,  Renault 157 

3.  Valmeyeran— Aux  Vases,  Ohara,  Spar  Mountain,  McClosky, 
St.  Louis,  Salem,  Harrodsburg  ..........  «202 

4.  Devonian— Ling le,  Dutch  Creek,  Clear  Creek 6 

5.  Silurian 8 

6.  Ordovician— Trenton 5 

Samples  for  analysis  were  collected  in  half-gallon  glass  jugs 
from  bleeder  valves  or,  in  exceptional  cases,  from  stock  tanks  at  the  well 
sites.  At  wells  where  production  was  a  mixture  of  oil  and  water,  a  glass 
water-oil  separator  was  used  in  which  oil  and  water,  as  pumped  from  the 
well,  were  allowed  to  stand  until  separation  was  complete.  The  water  was 
drained  from  the  bottom  of  the  separator,  additional  oil  and  water  were 
added,  water  was  again  drained,  and  the  process  was  repeated  until  a  suf- 
ficient oil  sample  was  collected.  Agitation  and  exposure  of  samples  to 
air  were  kept  to  a  minimum. 

Samples  were  sealed  and  delivered  to  the  Illinois  Geological 
Survey  analytical  laboratory  for  analysis. 

ANALYTICAL  PROCEDURE 

The  physical  characteristics  determined  for  the  crude  oil  were: 
(1)  specific  gravity,  (2)  viscosity,  and  (3)  interfacial  tension  between 
crude  oil  and  distilled  water. 

Specific  gravity  was  determined  at  50°,  77°,  and  100°  F  (tempera- 
ture controlled  within  +0.1°F)  by  the  glass  hydrometer  method.  Determined 
specific  gravity  was  converted  to  specific  gravity  at  60°  F  and  then  to  API 
gravity  at  60°  F  using  ASTM-IP  Petroleum  Measurement  Tables  (ASTM  Comm. 
D-2,  1953). 

Viscosities  were  determined  as  kinematic  viscosities  at  50°,  77  , 
and  100°  F  (±0.1°  F)  with  the  Ostwald-Fenske  type  of  viscometer,  in  which 
the  time  required  for  a  standard  volume  of  oil  to  flow  through  a  capillary 
is  measured  in  seconds  and  converted  to  viscosity  in  centistokes  by  use  of 
appropriate  calibration  factors.  The  centistoke  reading  was  converted  to 
centipoise  by  multiplying  the  centistoke  reading  by  the  oil  density  at  the 
temperature  under  consideration.  Viscosity  calibrations  were  made  using 
National  Bureau  of  Standards  liquid  viscosity  standards  (ASTM  Comm.  D-2, 
1953). 
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Interfacial  tension  values  of  crude  oil  against  distilled  water 
were  made  at  77°  F  (+0.1°  F)  with  the  DuNouy  tens iometer  equipped  with 
a  platinum- iridium  ring.  The  procedure  involved  measurements  under  non- 
equilibrium  conditions,   Interfacial  tension  values  of  crude  oil  against 
xtfater  may  indicate  the  presence  of  compounds  having  a  strong  affinity  for 
water  (ASTM  Comm.  D-2,  1953). 

When  the  interfacial  tension  of  a  sample  was  very  low  (below 
about  20  dynes/cm  ),  it  is  probable  that  a  chemical  had  been  injected  down- 
hole  or  at  the  well  head  to  break  up  emulsions  or  to  control  corrosion. 
From  some  of  these  samples  we  were  actually  able  to  verify  the  fact  that  a 
chemical  was  being  used  in  the  well  from  which  the  sample  was  taken.  The 
engineer  who  uses  the  data  given  here  will,  of  course,  recognize  that  any 
chemical  added  to  the  produced  crude  oil  can  appreciably  change  the  inter- 
facial tension. 


PHYSICAL    PROPERTIES    OF    ILLINOIS 
CRUDE    OIL 


On  the  following  pages,  the  analytical 
data  derived  from  the  study  of  the  crude 
oil  samples  are  presented  in  tabular  form 
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